Abstract. Determination of low-power circuit and the selection of test methods of temperature rises are difficult points in testing of electric toys. This paper focuses on these issues.
Introduction
With the development of science and technology, intelligent electric toys have become more and more popular for today's children. Most of the control of these toys include electronic circuits, the defect of which in design or manufacture, may cause harm to children. Therefore, it is stipulated in Clause 9.8 in the national standard GB 19865 and the European standard EN 62115 'Safety of Electric Toys' that compliance for electronic circuits is checked by evaluation of the fault conditions for all circuits or parts of circuits, unless they are low-power circuit and the protection from fire or other danger does not depend on the normal function of the electronic circuit. This evaluation includes measurement of the temperature rises of the accessible surfaces on failure of the electronic circuits and the components [1, 2] .
The determination of low-power circuit and the selection of testing methods for temperature rise are two of the difficulties in the actual test, which will be discussed in detail in this paper.
Determination of Low Power Circuits
The technology of temperature measurement in the fault conditions of certain non-low-power circuit is difficult and time-consuming in actual testing, it is therefore very important to correctly determine the low-power circuit for the efficiency and accuracy of testing works.
Definition and Measurement for Low Power Circuits
As shown in Figure 1 , the toy is supplied with rated voltage. An adjustable resistor is adjusted to its maximum value and is connected between the tested point and the negative terminal of the power supply. The resistance is then gradually reduced, so that the maximum power consumption on the resistor is obtained. If, at the end of the fifth seconds, the maximum power delivered to the adjustable resistor is less than 15 W, these points are referred to as low power points. And the circuits farther away from the power source than those low power points are referred to as low power lines. Point D in Figure 1 is the farthest point from the power supply which provides maximum power of more than 15 W to the external load. Points A and B are the nearest points to the power supply which provide maximum power less than 15W to the external load, and therefore they are low-power points. Points A and B shall be short circuited with Point C respectively. The fault conditions specified in the standard are applied to Z 1 , Z 2 , Z 3 , Z 6 and Z 7 respectively where applicable.
In the testing of low-power circuits, the selection of the adjustable resistor and the selection of wiring methods for the power meters are very important for the test results. 
Selection of the Adjustable Resistor
(1) the condition that the maximum power is obtained on an adjustable resistor:
According to the Thevenin's theory, any active network with bi-terminals can be replaced by a series circuit with an electric potential E 0 and a resistor r 0 , and the characteristics of the bi-terminal active network remains unchanged, as shown in figure 2. It can be seen that when the adjustable resistor R is very large in resistance and the circuit is close to the open state, the output current is very small, whereas when the R resistance is very small and the circuit is close to short state, the voltage of R is extremely low. That is to say it is not possible to obtain the maximum power when the resistance R is too large or too small.
To find the conditions for the maximum power of the load, we have an expression for the power of R in Figure (2) Selection of the size of adjustable resistor In order to find out the maximum power of R accurately, the adjustable resistor R should be similar to and slightly larger than 0 r , so that the measurement error can be avoided effectively.
It is well accepted that most electronic circuits are powered by low voltage DC power supplies, and it is stipulated in the European standard EN 50088 that the highest operating voltage for toys shall not exceed 24 V. From , in which is low voltage, we can conclude that when is large in resistance, must be less than 15 W. In other words, the test points following big resistance must be low power points. Therefore, we should choose smaller resistance which can withstand larger currents of R (such as a resistance of 30Ω withstanding 6A).
The internal resistance of a battery is usually less than 10 ohms, so when we choose the power endpoint as the test point, we should choose an adjustable resistors R with a small resistance which can withstand high current (such as a resistance of 8Ω withstanding 10A).
Thus, in order to accurately find out the maximum power consumption on the resistance R, there are two situations in selection of the adjustable resistance: a) In the case of the power supply terminal as the test point, a small resistance with large current should be used (e.g. 8Ω at 10A); b) For other test points, an adjustable resistor with larger resistance at larger current should be used (e.g. 30Ω at 6A).
Selection of Wiring Method for Power Meters
As shown in Figure 3 , the DC power meter used to measure the load power usually consists of a voltmeter and an ammeter, which measures respectively the voltage and current values of the load, and the power values are displayed after internal conversion in the power meter (P=UI).
There are two kinds of connection methods of the meters in the circuit, and the test results of these two wiring methods both have certain errors, which is inevitable. Hereby we will discuss the impact of the two cases on the measurement results.
As shown in Figure 3 (a) , the ammeter can be regarded as a voltage divider, so the value of the voltage meter contains the voltage drop of the ammeter, leading to a larger reading of the load voltage.
Therefore, this method is applicable to the case where the load current is relatively small ( L R >> A R ).
As shown in figure 3(b) , the voltmeter can be regarded as a shunter, so the test value contains the current through the voltage meter, leading to a larger reading of the load current, so the connection method is suitable for the case for a large current through the load ( L R << V R ).
Thus, the correct selection of power meter wiring method can effectively reduce measurement errors. 
Temperature Rise Test
The so-called "temperature rise" refers to the measured difference between the air temperature and the surrounding environment, which is △ t=t 1 -t 0 , where △t is the temperature rise, t 1 is the measured temperature and t 0 is the ambient temperature. It is required in the Standard that the temperature rise on accessible surface of the toys shall be tested, so as to prevent the accidental exposure of children to the heating surface of the toy resulting in scalding as well as fire resulted from defects in design, structure or material application.
Key Points for Temperature Rise Measurement
Before discussing the temperature rise measurement, we should clarify the following concepts. The test of temperature rise for toys is only applicable to the accessible surfaces or parts, therefore, before we start the discussion of temperature rise, we must first clarify two basic concepts: accessible parts and detachable parts. An accessible part is a part or surface that can be touched by means of certain test probes, while detachable parts refers to parts that can be removed without the aid of a tool, or by a tool supplied with the toy, or in accordance with the instructions for use even if a tool is needed for removal. "Normal use" refers to the condition under which the toy is played with as intended or in a foreseeable way. How was it determined whether the temperature of the heating part of the toy has reached a steady state during the normal use, or whether the temperature of the heating part has reached the maximum value? For some static toys powered by battery, which simply give out sound or light, we can easily simulate the situation of normal use, and test the heating surface temperature with thermocouples. However, for a toy moving in normal use, such as an electric car, it is very difficult to directly monitor or test its maximum temperature rises in normal use by attaching thermocouples to the surface, because thermocouple wires are limited in length and will inevitably detach from the surface of the toy car in normal use, which will lead to failure of the tests.
For an electric toy, working current is the main cause of its heating, as the temperature rise △ t =P/kS=I 2 R/kS, where R is the resistance of the sample, I is the testing current, S is the cooling area of the sample and K is the heat dissipation coefficient of the sample. In this regard, we can monitor and record the working current I of the toy car in its normal use, and then simulate the normal use with the test equipment as shown in Figure 4 , by adjusting the friction between the wheels and the equipment to obtain the measured current I. In this way, the toy car is relatively fixed and it is easy to attach thermocouples to the heating surface of the toy car, so that the temperature is monitored continuously till the maximum value is obtained. Thus we can accurately measure the maximum temperature rise of these toys when they are in normal use.
Selection of Method for Temperature Rise Measurement
There are many ways to measure temperature. Three methods are generally recommended in standards for electrical products, namely thermometer, resistance and thermocouple. Thermometer refers to the direct measurement with mercury or alcohol thermometer, which is mainly used to measure the ambient temperature (temperature around the sample). Resistance method is mainly used to measure the temperature rise of electromagnetic coils. Thermocouple method can be used to measure the ambient temperature as well as the temperature rises of various parts of the sample.
Thermometer is simple and intuitive, as long as the accuracy meets the requirements ( with an error less than ±0.5 degrees) and readings are made carefully.
The resistance method is based on the theory where the measured resistance value increases with the rising temperature of the solenoid coil, τ =θ 2 -θ 1 =(R 2 -R 1 )(1/ α 0 +θ 1 )/R 1 , where R 1 is the cold resistance of the tested coil, R 2 is the hot resistance of the coil (after the temperature reaches a stable situation), θ 1 is the cold temperature of the coil to be measured and θ 2 is the hot temperature of the measured coil, and α 0 is the temperature coefficient for the measured coil resistance.
A thermocouple is an electrical device consisting of two dissimilar conductors forming electrical junctions at differing temperatures. A thermocouple produces a temperature-dependent voltage as a result of the thermoelectric effect, and this voltage can be interpreted to measure temperature.
Common thermocouples can be divided into standard thermocouples and non-standard thermocouples. Standard thermocouple is standardized by national standards in its relationship of thermal potential and temperature, tolerance and unified Reference Tables, and it has its matching reading instrument for selection. Non-standard thermocouple is not as standardized as standard thermocouple in its scope of use or order of magnitude and it doesn't have any unified Reference Tables. It is mainly used for measurements on some special occasions. Standard thermocouples are manufactured according to IEC international standards, and seven types of standard thermocouple, namely S, B, E, K, R, J and T, are designated to be applied in China.
In practical work, the thermocouples are connected to a data collector (Agilent 34970A), whose 20 channels can be connected to the computer to simultaneously monitor 20 thermocouples applied on the tested spots, as shown in Figure 5 . On the screen the instant temperature, the maximum temperature and the temperature chart are clearly displayed. 
Conclusion
Temperature rise test is one of the key items in safety tests for electric toys, and the determination of low power circuit and the selection of testing methods are the difficulties in actual testing work. This paper is aimed to help deepen the understanding of the temperature rise tests in the standard GB 19865 as well as the importance of temperature rise testing to toy safety.
